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1
METHOD OF MANUFACTURING
FREQUENCY TUNABLE TERAHERTZ
TRANSCEIVER

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a divisional of co-pending application
Ser.No. 12/987,422 filed on Jan. 10, 2011, and claims priority
under 35 US.C. §119 of Korean Patent Application No.
10-2010-0091821, filed on Sep. 17, 2010, the disclosure of
which are hereby incorporated by reference.

BACKGROUND OF THE INVENTION

The present invention disclosed herein relates to a fre-
quency tunable terahertz transceiver and a method of manu-
facturing a dual wavelength laser.

A terahertz band (i.e., 0.1 THz to 3 THz) may have a
property that transmits nonmetal and nonpolar materials. Fur-
thermore, since a resonant frequency of various kinds of
molecules spreads over a terahertz band, by identifying the
molecules in real-time through a nondestructive, unopened,
and non-contact method, it is expected that unprecedented
analytical techniques of new concept will be provided for
medical care, medical science, agricultural food, environ-
mental measurement, bio, and advanced material evaluation.
Accordingly, in relation to a terahertz wave, its wide variety
of applications expand rapidly. The terahertz wave does not
affect the human body because of its very low energy of
several meV and its demand as essential core technology for
realizing human-centered ubiquitous society is drastically
increased. However, techniques satisfying real-time, portable
and low cost simultaneously have not developed yet.

As a terahertz generating method currently being used,
there are diverse techniques such as a frequency doubling
technique, a backward wave oscillator, a photomixing tech-
nique, a CO, pumped gas laser, a quantum cascade laser, and
a free electron laser. Many studies in development of a wave
source operating in a frequency band of 0.1 THz to 10 THz,
called a THZ gap region, are in progress but an appropriate
wave source technique satistying ultra-micro, uncooled, and
high-output conditions necessary for commercialization is
not mature until now. Moreover, there is no technique for
turning a terahertz wave at high speed in a broad frequency
band. Ifit is possible for a terahertz wave to vary athigh speed
in a broad frequency band, various physical phenomena may
be monitored in real-time in a terahertz band.

A terahertz device being used most widely until now is a
time domain spectroscopy device that projects a femtosec-
ond-level ultra short pulse laser on a semiconductor-based
photoconductive antenna having a high-speed response rate
to generate and detect terahertz waves. The terahertz device
consisting of a femtosecond-level pulse laser and a photocon-
ductive antenna provides a high signal to noise ratio (SNR)
but requires a femtosecond-level pulse laser and very accurate
optical device. Therefore, in terms of price and size, there are
several limitations in developing a terahertz device as a mea-
suring instrument of a portable concept.

SUMMARY OF THE INVENTION

The present invention provides a frequency tunable tera-
hertz transceiver having a micro-sized dual wavelength laser
and a method of manufacturing a dual wavelength laser.

Embodiments of the present invention provide frequency
tunable terahertz transceivers including: a dual wavelength
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laser including two distributed feedback lasers that are manu-
factured in one substrate and output optical signals of respec-
tively different wavelengths; and an optical device receiving
the outputted optical signals to generate a terahertz wave.

In some embodiments, each of the distributed feedback
lasers may include: an active layer generating an optical sig-
nal; a bragg diffraction grating coupled to the active layer and
oscillating the generated optical signal according to an effec-
tive refractive index; and a passive waveguide outputting the
optical signal from the active layer into the optical device.

In other embodiments, the frequency tunable terahertz
transceivers may further include a microheater controlling the
effective refractive index.

In still other embodiments, the frequency tunable terahertz
transceivers may further include a thermal diffusion prevent-
ing region between the distributed feedback lasers to locally
control the effective refractive index of each of the distributed
feedback lasers by using the microheater.

In even other embodiments, an optical signal outputted
from an active layer of each of the distributed feedback lasers
may be outputted through one passive waveguide.

Inyet other embodiments, an optical signal outputted from
an active layer of each of the distributed feedback lasers may
be outputted through a corresponding passive waveguide.

In further embodiments, the passive waveguides of the
distributed feedback lasers may be tilted 9° with respect to
each other to lower a sectional reflectance and increase opti-
cal coupling efficiency.

In still further embodiments, each of the distributed feed-
back lasers may further include a high reflection layer or an
antireflection layer to control a sectional reflectance.

In even further embodiments, the active layer and the pas-
sive waveguide may be coupled through butt coupling.

In yet further embodiments, a coupling angle may be
adjusted to control an internal reflectance occurring at a sec-
tion between the active layer and the passive waveguide.

In yet further embodiments, the passive waveguide may
have a straight line and band shape.

In yet further embodiments, the optical device may
include: a lens coupling the optical signals outputted from the
dual wavelength laser; and a photomixer receiving the
coupled optical signals to generate the terahertz wave.

In yet further embodiments, the photomixer may detect a
terahertz wave inputted from the external.

In other embodiments of the present invention, frequency
tunable terahertz transceivers include: a dual wavelength
laser including two distributed feedback lasers that are manu-
factured in one substrate and output optical signals of respec-
tively different wavelengths; an optical device receiving the
outputted optical signals to generate a terahertz wave or
detecting a terahertz wave inputted from the external; and an
analog to digital converter converting the terahertz wave
detected from the optical device into a digital signal.

In some embodiments, the optical device may include: a
lens coupling the outputted optical signals; a first photomixer
receiving the coupled signals of the lens to generate a tera-
hertz wave; and a second photomixer detecting a terahertz
wave inputted from the external.

In still other embodiments of the present invention, meth-
ods of manufacturing a frequency tunable terahertz trans-
ceiver including two separate distributed feedback lasers that
are manufactured in one substrate include: forming a lower
clad layer on the substrate, interposing a lower diffraction
grating layer between the lower clad layers, forming an active
layer on the lower clad layer, forming an upper clad layer on
the active layer, and interposing an upper diffraction grating
layer between the upper clad layers; manufacturing a diffrac-



US 9,236,711 B2

3

tion grating by etching the lower diffraction grating layer and
the lower diffraction grating layer; integrating the active layer
into a passive waveguide; and forming an electrode on the
upper clad layer.

In some embodiments, the methods may further include:
forming a first separate confinement hetero layer having a
smaller band gap wavelength than the active layer between
the active layer and the upper clad layer; and forming a second
separate confinement hetero layer having a smaller band gap
wavelength than the active layer between the active layer and
the lower clad layer.

In other embodiments, the methods may further include,
after the manufacturing of the diffraction grating through a
holography and an electron beam lithography, performing a
planarization process by re-growing the same material as the
upper clad layer on the diffraction grating.

In still other embodiments, the methods may further
include, after the integrating of the passive waveguide, grow-
ing a p-type semiconductor layer on the upper clad layer.

In even other embodiments, the forming of the electrode
may include: forming a lower electrode on the p-type semi-
conductor layer; forming an insulation layer on the lower
electrode; and manufacturing a microheater on the insulation
layer through a lithography technique.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings are included to provide a
further understanding of the present invention, and are incor-
porated in and constitute a part of this specification. The
drawings illustrate exemplary embodiments of the present
invention and, together with the description, serve to explain
principles of the present invention. In the drawings:

FIG. 1 is a view illustrating a typical time domain spec-
troscopy system exemplarily;

FIG. 2 is a view illustrating data obtained from the time
domain spectroscopy system of FIG. 1;

FIG. 3 is a view illustrating an FD spectroscopy system
exemplarily;

FIG. 4 is a view illustrating a microheater integrated-type
dual mode layer ;

FIG. 5 is a view illustrating a frequency tunable terahertz
transceiver according to an embodiment of the present inven-
tion;

FIG. 6 is an enlarged view of the dual wavelength laser of
FIG. 5;

FIG. 7 is a view illustrating a dual wavelength laser with an
integrated 1x2 combiner according to another embodiment of
the present invention;

FIG. 8 is a view illustrating a terahertz transceiver accord-
ing to a second embodiment of the present invention;

FIG. 9 is a view illustrating a side of a dual wavelength
laser exemplarily according to an embodiment of the present
invention; and

FIGS. 10 through 15 are views illustrating a method of
manufacturing the dual wavelength laser of FIG. 9.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

Preferred embodiments of the present invention will be
described below in more detail with reference to the accom-
panying drawings. The present invention may, however, be
embodied in different forms and should not be constructed as
limited to the embodiments set forth herein. Rather, these
embodiments are provided so that this disclosure will be
thorough and complete, and will fully convey the scope of the
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present invention to those skilled in the art. Hereinafter, it will
be described about an exemplary embodiment of the present
invention in conjunction with the accompanying drawings.

FIG. 1 is a view illustrating a typical time domain spec-
troscopy system 10 exemplarily. FIG. 2 is a view illustrating
data obtained from the time domain spectroscopy system 10
of FIG. 1. Referring to FIGS. 1 and 2, the time domain
spectroscopy system 10 generates/detects terahertz waves
using a femtosecond laser 11. The time domain spectroscopy
system 10 may obtain a high signal to noise ratio (SNR) using
a homodyne detection method obtaining data only during
femtosecond-level gating time.

An optical signal outputted from the femtosecond laser 11
changes its path by a first mirror M1. The optical signal of the
femtosecond laser 11 reflected from the first mirror M1 is
divided into two by a beam splitter BS. Here, the divided one
optical signal is incident to a terahertz wave generator 12
through a second mirror M2. Moreover, the divided remain-
ing optical signal is incident to a terahertz wave detector 16
with an appropriate time delay.

The terahertz wave generator 12 generates a terahertz wave
using the optical signal incident from the second mirror M2.
The terahertz wave generated from the terahertz wave gen-
erator 12 is focused on a sample 14 through a first focusing
lens 13. Moreover, the terahertz wave passing through the
sample 14 is incident to a terahertz wave detector 16 through
a second focusing lens 15. According to an embodiment, the
terahertz wave generator 12 may be a photoconductive
antenna.

A terahertz wave detector 16 detects a terahertz wave using
an optical signal incident from a fourth mirror M4. According
to an embodiment, the terahertz wave detector 16 may be a
photoconductive antenna. Time delay may be obtained using
a delay line 17. An output signal of the delay line 17 is
incident to the terahertz wave detector 16 through a third
mirror M3 and a fourth mirror M4. The terahertz wave detec-
tor 16 generates electrical signals depending on time delay.

A dada processor 18 obtains an electrical signal of the
terahertz wave detector 16. That is, the data processor 18
obtains delay time dependable data from the terahertz wave
detector 16, and performs the fast fourier transform on the
data to obtain the spectrum of a terahertz wave. According to
an embodiment, the data processor 18 may be a high-speed
A/D converter or a high-speed oscilloscope.

Referring to FIG. 2, an electrical signal according to time
delay is FF'T-converted to provide the spectrum of a terahertz
wave. In the time domain spectroscopy system 10, the optical
devices 12 and 16 generating and detecting a terahertz wave
may relatively easily generate a terahertz wave due to occur-
rence of electromagnetic waves caused from acceleration ofa
carrier created by irradiating an optical signal, generated from
the femtosecond laser 11, on a semiconductor. The time
domain spectroscopy system 10 may obtain a high SNR by
using a homodyne detection method with respect to femto-
second-level gating time.

As mentioned above, the time domain spectroscopy system
10 divides the optical signal generated from the femtosecond
laser 11 of an oscillation wavelength having an 800 nm band
into two and uses them. For example, one is incident to the
terahertz wave generator 12 to generate a terahertz wave and
the other is incident into the terahertz wave detector 16 with
an appropriate time delay.

However, the time domain spectroscopy system 10 cannot
avoid the time delay in data processing because information
corresponding to the time delay needs to be collected and the
FFT needs to be performed on the collected information in
order for actual application of a terahertz wave. Accordingly,
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the time domain spectroscopy system 10 is limited to the
development of a terahertz wave source of a real-time concept
besides its size and high cost.

Since a frequency domain (FD) based spectroscopy system
resolves the limitations of a terahertz time domain based
spectroscopy system, its demand is expected to be increased
in a wide variety of application fields such as detection of
hazardous substances, measurement of new material proper-
ties, and freshness measurement of agricultural and marine
products through a molecular fingerprinting analysis.

Unlike the time domain spectroscopy system 10 of FIGS. 1
and 2, the FD spectroscopy system integrates two high-output
frequency tunable lasers having respectively different wave-
lengths into on a semiconductor substrate having a high-
speed response time and irradiates outputted optical signals
into a photomixer having a voltage applied, thereby generat-
ing a frequency tunable terahertz wave.

FIG. 3 is a view illustrating an FD spectroscopy system 20
exemplarily. Referring to FIG. 3, the FD spectroscopy system
20 virtually does not need the high-cost femtosecond laser 11
of FIG. 1 that the time domain spectroscopy system 10 of
FIG. 1 requires. Therefore, since the FD spectroscopy system
20 uses a low manufacturing cost and ultra-micro semicon-
ductor layer, developing a very compact terahertz wave gen-
erating system becomes possible.

However, the FD spectroscopy system 20 generates tera-
hertz waves according to beating of oscillation lights of the
two lasers 21 and 22, such that the maximum power of beating
becomes drastically low compared to the time domain spec-
troscopy system 10. Due to this, the FD spectroscopy system
20 has a low output of a terahertz wave. Furthermore, the FD
spectroscopy system 20 needs to use a thermally stable pho-
tomixer 23 because of continuous wave injection.

Moreover, the FD spectroscopy system 20 needs to include
a photoconductive switch in the photomixer 23, which is
formed of a material absorbing excitation light’s wavelength
effectively. In case of a long-wavelength, InP is used as the
absorbing material and in case of a short-wavelength of a 0.8
um band, GaAS is used as the absorbing material.

However, a band gap of the InP semiconductor is less than
that of the GaAs semiconductor. Because of this, controlling
dark current accurately is required. In terms of a photomixer,
the InP semiconductor has many disadvantages compared to
the GaAs semiconductor but is possible to be directly used for
optical devices for optical communication such as an optical
amplifier, a laser, a switch, and a filter. Therefore, its
researches are actively in progress. The reasons for putting
much effort on a long-wavelength photomixer development
are because it may easily utilize components of all functions
developed for communications with a low cost and also may
be used for developing a network-based terahertz communi-
cation system.

The FD spectroscopy system 20 includes a generator and a
detector and the entire system’s efficiency is determined by a
SNR of a terahertz wave generator and detector. At this point,
a low output of the generator may be sufficiently resolved by
high sensitivity of the detector. An output of a terahertz wave
is satisfied with the following Equation 1.

mP1 P2
P3[1 + (wr)?][l + (R4 C)*]

[Equation 1]
P, = 20, R4 E

Here, m is an inter-mode overlap index, P, and P, represent
optical outputs of each, I, represents dc photocurrent, R,
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represents radiation resistance of an antenna, ¢ and T repre-
sent capacitance and charge lifetime, and m represents mixing
efficiency of two beams.

In order for generating highly efficient terahertz waves,
variables affecting a high output light source and photoelec-
tric conversion efficiency of a photomixer need to be adjusted.
As expressed in the above Equation 1, photoelectric conver-
sion efficiency of the photomixer 23 is affected by its high
response speed, antennal resistance, and a mixing rate of light
source.

During generating of continuous frequency tunable tera-
hertz waves, the frequency f of the terahertz wave and a
difference AA between two oscillation wavelengths of an
excitation light source have a relationship of f=cAA/A>. Here,
the frequency fof a terahertz wave is determined according to
adifference of frequencies f;=c/A | and f,=c/A, corresponding
to oscillation wavelengths A, and A, in two separate lasers 21
and 22 of an excitation light.

In a technique of generating frequency tunable terahertz
waves, a wavelength tunable property of an excitation light
source is very important. Obtaining wavelength tunable prop-
erties of § nm/1 THz and 5.6 nm/1 THz is necessary in 1.5 um
and 1.3 um wavelength regions, respectively. For this, a laser
having a large oscillation wavelength difference between
modes needs to be developed.

When a long-wavelength excitation light source is used, it
is important to obtain a broad tunable range with respect to an
oscillation wavelength difference of an excitation light
source. Moreover, when a 0.8 pum short-wavelength is used,
controlling a terahertz frequency where terahertz wave occur-
rence is possible in a very narrow wavelength difference is
important. In a wavelength division multiplexer (WDM)
based optical communication system, there are many limita-
tions in generating terahertz waves using a wavelength tun-
able laser, which is important and expensive.

Generally, a full width half maximum (FWHM) of an oscil-
lation wavelength uses two kHz-level separate wavelength
tunable lasers to provide a wideband wavelength tunable
characteristic and a very narrow oscillation wavelength line
width. However, due to instability of each oscillated wave-
length and polarization control between wavelengths and lim-
iting factors according to packaging, the system is signifi-
cantly expensive.

In order to overcome these system limitations, a dual bragg
diffraction grating may be inserted into a single resonator and
amicroheater may be integrated on an area of dual mode laser
oscillation and its distributed feedback (DFB).

FIG. 4 is a view illustrating a microheater integrated-type
dual mode layer 30. Referring to FIG. 4, the microheater
integrated-type dual mode layer 30 includes a first DFB
region 31, a second DFB region 32, and a phase adjusting
region 33.

As shown in FIG. 4, in order to obtain a wideband beating
source and stable dual mode oscillation of the microheater
integrated-type dual mode layer 30, reverse voltage Vp is
applied to the phase adjusting region 33. Accordingly,
because of internal damage occurring when the wavelength
A, oscillating in the first DFB region 31 passes through the
phase adjusting region 33, it is difficult to develop a dual
mode laser of a high output. In order to resolve this efficiently,
an amplifier may be integrated. However, amplified sponta-
neous emission (ASE) noise accumulation needs to be
resolved.

In relation to important variables of a beating source for
terahertz wave oscillation, each oscillation wavelength sta-
bility needs to be about —-140 dB/Hz and, when a side mode
suppression ratio (SMSR) is more than 40 dB, a polarization
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state of each light source needs to be equal. An interval
between each oscillation optical output and two wavelengths
needs to be easily changed.

Accordingly, according to the present invention, two sepa-
rate DFB lasers with an integrated microheater are consti-
tuted as one chip and a frequency tunable terahertz trans-
ceiver using the one chip as a beating source is provided.

FIG. 5 is a view illustrating a frequency tunable terahertz
transceiver 100 according to an embodiment of the present
invention. Referring to FIG. 5, the frequency tunable tera-
hertz transceiver 100 includes a dual wavelength laser 120
and an optical device 140.

The dual wavelength laser 120 includes two separate DFB
lasers on one substrate. The dual wavelength laser 120 is
driven as an integrated single device but does not require a
compound cavity mode control kike a single resonator and
may be used for easily developing a wideband beating source
of a high output.

The optical device 140 directly combines optical outputs
A, and A, using an arbitrary-shaped lens 142 as shown in FI1G.
5, and directly irradiates the combined optical outputs A, and
A, onthe photomixer 144 to generate a terahertz wave. More-
over, the optical device 140 is adjustable to maximize optical
combination.

The frequency tunable terahertz transceiver 100 according
to an embodiment of the present invention realizes two DFB
lasers in one chip and includes the optical device 140 realized
with a variety of optical combination configuration, so that it
may be manufactured ultra-compact.

FIG. 6 is an enlarged view of the dual wavelength laser 120
of FIG. 5. Referring to FIG. 6, the dual wavelength laser 120
includes first and second active layers 121a and 1215, first
and second passive waveguides 122a, 123a, 124a and 1225,
123b, 1245, first and second bragg diffraction gratings 125a
and 1255, and a thermal diffusion preventing region 126.

The first active layer 121a generates a predetermined opti-
cal signal A, and has a quantum well structure for providing
gain. The second active layer 1215 generates a predetermined
optical signal A, and has a quantum well structure for provid-
ing gain. The first active layer 121a and the second active
layer 1215 are the same multiple quantum well (MQW) layer
during crystal growth and the first and second passive
waveguides 122a,123a,124a and 1225, 1235, 1245 share the
same layer designed as a waveguide layer during crystal
growth. Processes of manufacturing the device are the same
as those of manufacturing a passive waveguide combined
laser diode having a buried hetero structure (BH).

The first passive waveguides 122a, 1234, and 124a output
an optical signal A, outputted from the first active layer 121a
to the external (e.g., the optical device 140 of FIG. 5). The first
passive waveguides 1224, 1234, and 1244 have a straight and
band structure. The second passive waveguides 1225, 1235,
and 1245 output an optical signal A, outputted from the sec-
ond active layer 1215 to the external.

The first bragg diffraction grating 1254 is coupled to the
first active layer 121a and oscillates the optical signal A,
according to a first effective refractive index. Here, the first
effective refractive index is controlled by a microheater (not
shown).

The second bragg diffraction grating 1255 is coupled to the
second active layer 1215 and oscillates the optical signal A,
according to a second effective refractive index. Here, the
second effective refractive index is controlled by a micro-
heater (not shown).

The thermal diffusion preventing region 126 is formed
between the first bragg diffraction grating 1254 and the sec-
ond bragg diftraction grating 1255 so as to locally control
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effective refractive indices of the first and second bragg dif-
fraction gratings 125a and 1255 using a microheater. In order
for obtaining thermal stability and preventing thermal diffu-
sion, a deeper etch depth than the active layer is required and
a curved shape is utilized to prevent damage during chip
formation.

Although not shown in FIG. 6, the dual wavelength laser
120 may further include an electrode for injecting current
from the microheater to the active layers 121a and 1215 using
two separate lasers and a high-reflection (HR) or antireflec-
tion (AR) nitride layer for adjusting sectional reflectance.

Each of DFB lasers of the dual wavelength laser 120 shown
in FIG. 6 is separated in corresponding passive waveguides.
However, the present invention is not limited thereto. The
DFB lasers of a dual wavelength laser according to an
embodiment of the present invention may include respec-
tively combined passive waveguides.

FIG. 7 is a view illustrating a dual wavelength laser 120a
with an integrated 1x2 combiner according to another
embodiment of the present invention. Referring to FIG. 7, the
dual wavelength laser 120q includes a 1x2 combiner 124.
According to an embodiment, the 1x2 combiner 124 may be
a 1x2 multimode interface (MMI) combiner.

The dual wavelength laser 120a may be combined with an
optical fiber instead of the lens 142 of FIG. 5 in the space so
that is may be integrated into one module. That is, a terahertz
transceiver integrated into one mode may be developed. This
terahertz transceiver is necessary to control 3 dB optical loss
and internal reflection occurring at a diverging point due to
the 1x2 optical coupler adoption.

Referring to the above-mentioned Equation 1 again, setting
the inter-mode overlap index m as 1 is the most advantageous
to the internal reflection control. While the dual wavelength
laser 1205 and the single resonator beating source of FIG. 7
are used, when the first and second passive waveguides 122a,
123a, 124a and 1225, 1235, 1245 and the lens 142 of FIG. 5
are realized to allow the overlap index m to be 1, the overlap
index m needs to be the maximum. Due to this, besides of the
design of the optical device 140, directions of the first and
second passive waveguides 122a, 123a,124a and 1225,1235,
1245 and an angle of the chip section need to be adjusted.

In an embodiment, by adjusting an angle of the waveguide,
a sectional reflectance is drastically decreased and optical
coupling efficiency is maximized In an embodiment, in order
to obtain sectional reflectance, the passive waveguide 124a or
1245 may be formed tilted with 7°.

The frequency tunable terahertz transceiver of FIG. 6
includes one photomixer 142 having a terahertz wave genera-
tor and a terahertz wave detector. However, the present inven-
tion is not limited thereto. A frequency tunable terahertz
transceiver according to an embodiment of the present inven-
tion may include at least one photomixer having a terahertz
wave generator and at least one photomixer having a terahertz
wave detector.

Furthermore, when a terahertz wave is detected using a
photomixer, some beam may be restricted in order for phase
adjustment between the terahertz wave generator and the
terahertz wave detector. For this, an appropriate optical
device and optical fiber may be used.

FIG. 8 is a view illustrating a terahertz transceiver 200
according to a second embodiment of the present invention.
Referring to FIG. 8, the terahertz transceiver 200 includes a
micro-sized dual mode laser 220 and uses it as a beating
source. Also, the terahertz transceiver 200 uses a proper opti-
cal device for inducing effective optical coupling with the
beating source in a photomixer 244 and physically combines
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a high resistance silicon lens 242 for detecting a generated
terahertz wave with the photomixer 244.

A detection operation of the terahertz transceiver 200
according to an embodiment of the present invention pro-
ceeds as follows. A modulated light source is easily obtained
by modulating the laser drive in one region of an oscillation
wavelength I, or I, in the dual wavelength laser 220 as a light
source unit. From this, a frequency tunable terahertz trans-
ceiver may be developed.

The terahertz transceiver 200 according to an embodiment
of'the present invention obtains a modulated light source of a
high speed with an injection current modulation and mea-
sures induction and detection of terahertz wave occurrence
modulated from that using one module. Also, the terahertz
transceiver 200 processes the obtained optical signal digi-
tally, delivers the digital information through communica-
tion, and directly transfers to a sample to be measured to
detect a terahertz wave.

Moreover, the terahertz transceiver 200 according to an
embodiment of the present invention may realize a stand-off
technique with a battery-powered high efficiency.

FIG. 9 is a view illustrating a side of a dual wavelength
laser exemplarily according to an embodiment of the present
invention. For convenience of description, it is assumed
below that the dual wavelength laser is illustrated with a
section of a part (e.g. a DFB laser) of the dual wavelength
laser 120 of FIG. 6. Referring to FIG. 9, the dual wavelength
laser includes a lower clad layer 111, an active laser 112 or
12156 of FIG. 6, a passive waveguide 113 or 1226 of FIG. 6, an
upper clad layer 114, a diffraction grating 115 or 1256 of F1G.
6, a p-type InGaAs layer 116, a lower electrode 117, an
insulation layer 118, and a microheater 119. Moreover, the
diffraction grating 115 may be symmetrically interposed
below the lower cladding layer 114 as shown in FIG. 9. The
position of the diffraction grating below or on the active layer
112 may be selected during device manufacturing processes.
In an embodiment, the upper diffraction grating may be a
loss-coupled diffraction grating. Based on the kinds of the
diffraction grating, whether the diffraction grating is disposed
below or on the active layer 112 may be determined

Electrodes 116, 117,118, and 119 for injecting current and
HR/AR coatings for adjusting sectional reflectance are
formed on the active layer 112.

As shown in FIG. 9, connection between the active layer
112 and the passive waveguide 113 may uses a butt coupling
method (directly connecting two optical waveguides) and an
evanescent coupling method (using an adiabatic change of
reflectance). Here, the butt coupling method requires control-
ling an internal reflectance that may occur at the sections of
two waveguides (e.g., the active layer 112 and the passive
waveguide 113).

In an embodiment, the bragg diffraction grating 115 may
be formed on and below the active layer 112 through a holog-
raphy technique and an electron beam lithography technique.
Thereby, a gain change rate of the active layer 112 and a bragg
wavelength change of the diffraction grating according to a
temperature change may be controlled.

The dual wavelength laser according to an embodiment of
the present invention may be applicable on a laser of oscilla-
tion wave length from 1.55 um to 0.8 um. Additionally, the
dual wavelength laser is realized with a photomixer that effi-
ciently absorbs oscillation wavelength, so that a micro-sized
wideband frequency tunable terahertz transceiver may be
developed.

FIGS. 10 through 15 are views illustrating a method of
manufacturing the dual wavelength laser of FIG. 9. Referring
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10
to FIGS. 10 through 15, the method of manufacturing the dual
wavelength laser is as follows.

First, as shown in FIG. 10, a lower clad layer 111, an active
layer 112 on the lower clad layer 111, and an InP clad layer
114a on the active layer 112 are sequentially stacked on an
n-type InP substrate and a diffraction grating 115 is inter-
posed between the InP clad layers 114a through a metal
organic chemical vapor deposition (MOCVD) technique.
Especially, a first separate confinement hetero layer 1124
having a smaller band gap wavelength than the active layer
112 may be further interposed between the InP clad layer
114a and the active layer 112, and a second separate confine-
ment hetero layer 1125 having a smaller band gap wavelength
than the active layer 112 may be further interposed between
the active layer 112 and the lower clad layer 111.

Thereafter, a shape such as the diffraction grating 115«
shown in FIG. 11 is formed on the substrate through a holog-
raphy technique or an electron beam lithography technique,
and then through dry and wet etchings, the diffraction grating
115a is finally manufactured. After the manufacturing the
diffraction grating 115a, a planarization process (refer to
114a) re-growing P-type InP to be thin is performed. When
the diffraction gratings 115a are formed below the active
layer 112, the above-mentioned process may proceed from a
lower diffraction grating.

Next, as shown in FIG. 12, to allow a passive waveguide to
be butt-coupled, a portion where the passive waveguide is
integrated is etched in the active layer 112. After the integra-
tion of the passive waveguide, an angle and a shape are
determined to reduce internal reflection that may occur in the
section 113a.

Later, as shown in FIG. 13, the passive waveguide 113
grows. Here, the passive waveguide 113 may use four-cle-
ments alloy (hereinafter, INGaAsP, A=1.24 um). At this point,
the passive waveguide 113 may be any kinds of waveguides
that may deliver optical signal generated from the active layer
112 without absorption. However, the passive waveguide 113
should proceed in a single mode.

Later, as shown in FIG. 14, the p-type InP clad layer 1145
and the p-type InGaAs layer 116 grow. Here, the p-type InP
clad layer 114a and the p-type InP clad layer 1145 are called
anupper cladlayer 114. Here, the InGaAs layer 116 serves for
easy current injection. Thereby, a DFB laser structure is com-
pleted.

Next, as shown in FIG. 15, processes for forming an elec-
trode to apply current to the active layer 112 are performed. A
lower electrode 117 is formed on the InGaAs layer 116 and an
insulation layer 118 is formed on the lower electrode 117.
Also, a microheater 119 is manufactured on the insulation
layer 118 through a lithography method. In an embodiment,
the manufactured microheater 119 is placed on the uppermost
part of the dual mode wavelength laser.

Moreover, a bragg wavelength of the diffraction grating
may vary. Various diffraction grating layers formed of
InGaAs and InGaAsP may be used. The diffraction grating
may be various kinds of diffraction gratings having high
single wavelength occurrence efficiency, which are A/4-
shifted from a typical first diffraction grating type.

As mentioned above, a frequency tunable terahertz trans-
ceiver and a method of manufacturing a dual wavelength laser
may be used for achieving microminiaturization and low
manufacturing cost.

The above-disclosed subject matter is to be considered
illustrative, and not restrictive, and the appended claims are
intended to cover all such modifications, enhancements, and
other embodiments, which fall within the true spirit and scope
of the present invention. Thus, to the maximum extent
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allowed by law, the scope of the present invention is to be
determined by the broadest permissible interpretation of the
following claims and their equivalents, and shall not be
restricted or limited by the foregoing detailed description.

What is claimed is:
1. A method of manufacturing a frequency tunable tera-

hertz transceiver including two separate distributed feedback
lasers that are manufactured on one substrate, the method
comprising:

forming a lower clad layer on the substrate;
forming an active layer on the lower clad layer;
forming an upper clad layer on the active layer;
interposing first and second diffraction grating layers
between portions of the upper clad layer;
manufacturing a diffraction grating by etching the first and
second diffraction grating layers;
integrating the active layer with a passive waveguide by
etching a surface of the active layer to be slanted with
respect to both vertical and horizontal directions, and
butt-coupling the passive waveguide to the surface of the
active layer so that a connection between the passive
waveguide and the active layer is slanted with respect
to both the horizontal and vertical directions; and
forming an electrode on the upper clad layer.
2. The method of claim 1, further comprising:
forming a first separate confinement hetero layer having a
smaller band gap wavelength than that of the active layer
between the active layer and the upper clad layer; and
forming a second separate confinement hetero layer having
a smaller band gap wavelength than that of the active
layer between the active layer and the lower clad layer.
3. The method of claim 1, wherein the manufacturing of the

diffraction grating includes forming the diffraction grating
through a holography and an electron beam lithography,

the method further comprising after the manufacturing of
the diffraction grating, performing a planarization pro-
cess to planarize the upper clad layer by re-growing the
same material as the upper clad layer on the diffraction
grating.
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4. The method of claim 3, further comprising, after the
integrating, growing a p-type semiconductor layer on the
upper clad layer.

5. The method of claim 4, wherein the forming of the
electrode comprises:

forming a lower electrode on the p-type semiconductor

layer;

forming an insulation layer on the lower electrode; and

manufacturing a microheater on the insulation layer

through a lithography technique.

6. The method of claim 1, further comprising:

generating an optical signal with the active layer;

oscillating the generated optical signal according to an

effective refractive index of the diffraction grating;
outputting the optical signal from the active layer to the
passive waveguide; and

outputting the optical signal from the passive waveguide

into an optical device.

7. The method of claim 6, wherein the passive waveguide is
tilted 9° to lower a sectional reflectance and increase optical
coupling efficiency.

8. The method of claim 1, wherein each of the active layer
and the passive waveguide is disposed between the lower clad
layer and the upper clad layer.

9. The method of claim 1, wherein the diffraction grating is
directly above the passive waveguide.

10. The method of claim 1, wherein the passive waveguide
is directly coupled to an optical device.

11. The method of claim 1, wherein the passive waveguide
includes two separate waveguides, and

the method further comprises receiving optical signals

from the passive waveguides at a lens separately from
each other; and

combining the optical signals and irradiating the combined

optical signals on a photomixer.

#* #* #* #* #*
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